Precise measurements of slepton mass-splittings might represent a powerful tool to probe supersymmetric (SUSY) lepton flavour violation (LFV) at the LHC. We point out that mass-splittings of the first two generations of sleptons are especially sensitive to LFV effects involving τ − µ transitions. If these mass-splittings are LFV induced, high-energy LFV processes like the neutralino decaỹ χ 0 2 →χ 0 1 τ ± µ ∓ as well as low-energy LFV processes like τ → µγ are unavoidable. We show that precise slepton mass-splitting measurements and LFV processes both at the high-and low-energy scales are highly complementary in the attempt to (partially) reconstruct the flavour sector of the SUSY model at work. The present study represents another proof of the synergy and interplay existing between the LHC, i.e. the high-energy frontier, and high-precision low-energy experiments, i.e. the high-intensity frontier.
I. INTRODUCTION
The most important achievement we expect to reach at the beginning of the LHC era is the understanding of the underlying mechanism accounting for the electroweak symmetry breaking, in particular, whether the Higgs mechanism is realized in nature or not. Moreover, the LHC is also expected to shed light on the hierarchy problem, since a natural solution of it calls for a TeV scale New Physics (NP).
On the other hand, low-energy flavour physics observables provide the most powerful tool to unveil the symmetry properties of the NP theory that will emerge at the LHC, if any. In fact, high-precision measurements at the LHC are made typically challenging by the huge background and by irreducible hadronic uncertainties.
A remarkable exception, arising in SUSY theories, is given by the possibility to access information about SUSY masses relying on some kinematical observables, as the kinematic end-point of the invariant mass distribution of the leptons coming from neutralino-sleptonneutralino cascade decays [1] ,χ 0 2 →l ± ℓ ∓ →χ 0 1 ℓ ± ℓ ∓ . If the slepton in the decay chain is real, the di-lepton invariant mass spectrum has a prominent kinematic edge [1] that may be measured at the LHC experiments with very high precision (up to 0.1 %) [1, 2] , allowing, in combination with other kinematical observables, to reconstruct the masses of the particles involved in the chain, in particular the slepton masses [1] .
In this work, we point out that precise measurements of slepton mass-splittings might represent a powerful tool to probe LFV at the LHC.
In particular, we consider minimal gravity mediated SUSY breaking scenarios (mSUGRA), where the first two slepton generations are predicted to be highly degenerate, typically below the percent level. Hence, any experimental evidence for a sizable mass splitting between selectrons and smuons (∆ml/ml), say above the percent level, would signal either a different mechanism for SUSY breaking or non minimal realizations of SUGRA breaking models. In the latter case, the presence of LFV interactions might be at the origin of such a significant mass splitting ∆ml/ml.
In this context, we point out that sizable values for ∆ml/ml can be generated only through flavour mixings between the second and third slepton families, as it might naturally arise from the large mixing angle observed in atmospheric neutrino oscillation experiments. In contrast, flavour mixings between the second and first slepton families are tightly constrained by the non observation of µ → eγ, hence, they cannot induce testable values for ∆ml/ml, unless very special and fine-tuned conditions are fulfilled [3] .
If these mass-splittings are LFV induced, high-energy LFV processes like the neutralino decayχ We show that precise slepton masssplitting measurements and LFV processes (both at the high-and low-energy scales) are highly complementary in the attempt to (partially) reconstruct the flavour sector of the SUSY model at work. Our paper is organized as follows. In Section II we summarize those slepton mass measurements at the LHC that are relevant for our paper. Subsequently in Section III we discuss various aspects of LFV at the LHC. In Section IV we present the numerical analysis of LFV and in Sections V and VI estimates of the cross-sections, expected number of events at the LHC and backgrounds for the relevant processes discussed in our paper are made. In Section VII we summarize our main findings.
II. SLEPTON MASS MEASUREMENTS AT THE LHC
Sleptons can be produced at the LHC in two possible ways: either directly in quark collisions, through DrellYan s-channel Z 0 /γ exchange, or indirectly from cascade decays of squarks and gluinos through neutralinos. In the case of direct production, the detection of sleptons is made challenging by relatively low cross-section and the large SM background and it should be feasible only for slepton masses up to 200-300 GeV [7] . Moreover, the indetermination of the center of mass energy of the parent quarks makes really difficult to extract information about the slepton masses. On the other hand, sleptons can be copiously produced in cascade decays of squarks through neutralinos, if the processes in the chain are kinematically allowed. Within several SUSY models, such as the CMSSM, where the second-lightest neutralino is mostly Wino-like, one of the most effective of such chains is
with typically BR(q L → q Lχ 0 2 ) ≃ 1/3. The slepton will typically decay into a lepton and the LSP. Besides the possibly large amount of sleptons produced in this way (clearly if ml < mχ0 2 ), the main advantage with respect to the direct Drell-Yan production is given by the possibility to access information about SUSY masses relying on some kinematical observables, which may be measured very precisely at the LHC.
An example of such observables, which is particularly important in the case of sleptons, is given by the kinematic end-point of the invariant mass distribution of the leptons coming from neutralino-slepton-neutralino cascade decays [1] 
If the slepton in the decay chain is real, the di-lepton invariant mass spectrum has a prominent kinematic edge [1] at
Such an edge may be measured at the LHC experiments with very high precision (up to 0.1 %) [1, 2] , allowing, in combination with other kinematic observables, to reconstruct the masses of the particles involved in the chain, in particular the slepton masses [1] . Interestingly, in the region of the parameter space where decays of neutralino in real sleptons are kinematically allowed, BR(χ
is clearly enhanced with respect to the case of virtual intermediate sleptons. Noteworthy enough, in the CMSSM, such region of the parameter space is close to the region where mτ 1 ≃ mχ0 1 (wherẽ τ 1 is the lightest stau) and the WMAP dark-matter (DM) constraints are naturally satisfied by an efficientτ 1 -LSP coannihilation [6] .
For our purposes, it is important to understand whether the measurement of the kinematic edge of Eq. (3) in the case of µ − µ and e − e mass distributions can be used to resolve a (small) mass difference between the corresponding sleptons (μ andẽ, in our case).
The fractional shift in the invariant mass edge in terms of the slepton mass splitting ∆ml/ml is given by
where the factor multiplying ∆ml/ml can provide an enhancement of the edge splitting [8] .
The above equation deserves some comments: i) when ml = √ mχ0 1 mχ0 2 the shift in the edge vanishes to leading order in ∆ml/ml, ii) large splittings of the di-lepton edges can be achieved for relatively small splittings of the selectron and smuon masses and iii) the enhancement factor is larger for more degenerate masses of sparticles in the chain and can easily be O(10) depending upon the value of mχ0 2 /mχ0 1 [8] . The enhancement diverges as the slepton mass approaches either neutralino masses. In the latter case, such an enhancement is not effective because the leptons coming from such chain tend to be soft and thus hard to detect and identify experimentally.
A. Lepton flavour conserving case
Within the CMSSM, the first two slepton generations are degenerate to a very large extent. In particular, in the absence of flavour mixing angles, the slepton masses ml 1, 2 are given by
where ml
is the left-left (right-right) entry in the slep- 
where we have defined ml = (mẽ R +mμ R )/2. Hence, even for very large tan β values, the mass splitting between selectrons and smuons, ∆ml/ml, can reach at most the per mill level. Therefore, it is commonly assumed that m ee and m µµ edges occur at identical values in the CMSSM. In principle, the enhancement factor for the edge splitting discussed in the above section could still bring the edge splittings at the percent level.
In practice, since in the CMSSMτ R is driven light at large tan β and, thus, it dominates theχ modes, it turns out that BR(χ
, hence, the edge splitting turns out to be hardly measurable [8] . The above situation is well illustrated by Fig. 1 where, on the top, we show BR(χ We conclude that, any experimental evidence for a sizable mass splitting betweenẽ andμ would be a clear signal of a different mechanism for SUSY breaking than the CMSSM or non minimal realizations of SUGRA breaking models.
B. Lepton flavour violating case
As discussed before, within minimal SUGRA models, the first two slepton generations are highly degenerate. However, if we introduce LFV interactions, as it might be welcome in order to account for the neutrino masses and oscillations, a significant mass splitting ∆ml/ml can be still induced. In such a case, ∆ml/ml will turn out to be related to low energy LFV processes like ℓ i → ℓ j γ.
We remind that, flavour mixings between the second and first slepton families are tightly constrained by the non observation of BR(µ → eγ), hence, they cannot typically induce testable values for ∆ml/ml. Still, as widely stressed in the literature [3] , such tight constraints might be evaded thanks to cancellations among different contributions to BR(µ → eγ) when the main source of LFV arises from the RH slepton sector. An example of such situation is studied in Ref. [3] , in the context of a non-universal Higgs mass (NUHM) model. In that case, ∆ml/ml ∼ 1% is still compatible with the present µ → eγ bound, provided the SUSY input parameters are tuned to get exact cancellations in BR(µ → eγ).
On the other hand, we would like to point out that sizable values for ∆ml/ml can be more naturally generated through LFV in the τ − µ (or τ − e) sector, as it might naturally arise from the large mixing angle observed in atmospheric neutrino oscillation experiments.
In order to see this, let us consider for simplicity the illustrative case of a CMSSM with a single source of LFV that we parameterize, as usual, by means of the mass
) jj where i, j = 1, 3 are flavour indices, X, Y = L, R refers to the chirality of the corresponding SM fermions and (m 2 XY ) ij are the 3 × 3 blocks of the slepton mass matrix with given chirality XY.
In such a case, we obtain two mass eigenstates that are a mixture of staus and smuons such that m
(1 ∓ δ 32 ), where for the moment we are neglecting the effect of the LR stau mixing term.
Given that in the absence of LFV sources all the three slepton generations were degenerate, a mass splitting between the third and the second generations will clearly imply also a mass splitting between the first two slepton generations, ∆ml/ml.
It is straightforward to check that, in terms of the mass insertion δ 32 , such mass splitting is approximately given by
Hereafter, we denote both the mass splitting between e L −μ L andẽ R −μ R (induced by (δ LL ) 32 and (δ RR ) 32 , respectively) with ∆ml. The mass splitting of Eq. (7) might be measured by the LHC with an accuracy level better than the percent [8] , hence, such a measurement would enable us to test the presence of LFV effects in some classes of SUSY theories, by detecting flavour conserving processes such asχ
In passing, we notice that LFV sources in the τ −µ sector clearly induce also a mass splitting between the third and second slepton generations. Therefore, in principle, one could make use of the edge splitting measurements for the τ − τ and µ− µ invariant mass distributions to extract information about the LFV source δ 32 . However, in practice, this could be hard because i) experimentally the edge measurement for the τ − τ case is more challenging than the electron and muon ones, ii) the staus and the smuons are split even in the absence of LFV due to both RGE effects driven by the Yukawa interactions (∝ y 2 τ ) and the presence of a left-right mixing term that affects mostly the stau masses. As a result, the measurement of the edge splitting for the µ − µ and e − e invariant mass distributions seems to be the most suitable tool to unveil LFV effects.
Yet, it should be stressed that a mass splitting between smuons and selectrons does not necessarily represent a clear probe of LFV effects. In fact, one could always envisage a situation where the lepton and slepton mass matrices are enough aligned [9] , in order to avoid LFV effects, while the masses for different slepton generations are non degenerate. The measurement of the slepton mass splittings in this latter case have been studied in Ref. [10] .
Hence, in order to test whether the slepton mass splittings come from LFV sources, it is crucial to have direct signals from LFV processes as we are going to discuss in the following section.
III. LFV AT THE LHC AND AT LOW-ENERGY EXPERIMENTS
As discussed in the previous section, LFV sources for the τ − µ transition naturally induce a smuon/selectron splitting that could be detected by means of edge splittings for the µ − µ and e − e invariant mass distributions of the processesχ
Obviously, at the same time, also the LFV processχ
, that represents one of the most promising LFV decay mode at the LHC [5, 6, 11, 12] , is generated.
In fact, the decay ofχ 0 2 in a lepton and slepton, followed by the decay of the slepton in a different lepton and the LSP (BR(χ 0 2 → ℓ i ℓ jχ 0 1 )), is a tree-level process, which simply depends on the misalignment between the slepton and lepton mass eigenstates [4] . Furthermore, there is no 'GIM-like' suppression (∼ ∆ml/ml in the amplitude) in the case of the intermediate sleptons being real (mχ0
Unfortunately, the broad parameter space in the CMSSM which can be probed by the LHC is already excluded by the µ → eγ constraint when there is a LFV sources in the µ − e sector [3] (barring fine tuned cases where accidental cancellations strongly reduce BR(µ → eγ) [3] ).
Therefore, in the following, as mentioned above, we consider a possible mixing between τ -and µ sleptons (both left-handed and right-handed), since the constraints for LFV in the τ − µ sector are less stringent than in the µ − e sector.
In principle, we could also consider the case ofτ −ẽ mixing. However, the possibility of having simultaneously large effects inχ
, implying an effective µ − e mixing δ µe ∼ δ µτ δ τ e , is again strongly constrained by the bounds on BR(µ → eγ) [13, 14] .
Therefore, neglecting the contribution of virtual intermediate sleptons, the branching ratio of the LFV neutralino decay can be written as:
where the sum is understood over the sleptons lighter than the neutralino. The relevant decay widths are given by [15] :
where the masses of ordinary leptons have been neglected, K = 1, 4, α = 1, 6 and i = 1, 3 (l i = (e, µ, τ )) and
Kα represent the lepton-slepton-neutralino interaction vertices:
Here U and N are the matrices which rotate sleptons and neutralinos into their mass eigenstates. In order to compute the totalχ 
BR(τ → µ e e) 2.0 × 10 Clearly, the h 0 decays may provide a sizable rate only to the flavour-conserving decayχ is always lighter than squarks in the SUSY framework considered here.
The presence of τ − µ LFV sources will also induce, at one loop, LFV low energy processes like τ → µγ and so on. In table I, we report the current and expected experimental bounds on some of the τ − µ transitions.
The branching ratio of τ → µγ can be written as
Although in the numerical analysis we perform a full computation of LFV processes using the exact formulae of Ref. [19] , we report, in the following, the amplitudes as obtained in the MI approximation, within the illustrative case of a degenerate SUSY spectrum with a common massm [13] :
As we will discuss in detail in the next sections, τ → µγ andχ 
IV. NUMERICAL ANALYSIS
In this section, we present our numerical results, obtained in the framework of the CMSSM in presence of LFV sources. In order to compute the SUSY spectrum, we numerically solved the full 1-loop RGEs of the MSSM, switching on LFV mass-insertions at low-energy. Then, we compute the relevant processes by means of a full calculation in the mass eigenstate basis. For each point of the parameter space, we impose the following constraints: (i) successful EWSB and absence of tachyonic particles; (ii) limits on SUSY masses from direct searches, (iii) all the currently available hadronic flavour constraints [20] . In Fig. 2 , we plot BR(τ → µγ) as a function of ∆ml/ml, for the following choice of the SUSY parameters: tan β = 10, 0 < m 0 < 1000 GeV, 0 < M 1/2 < 1000 GeV, A 0 = 0. In the upper plot, we switch on only the LFV MI (δ LL ) 32 and we vary it in the range 10 −3 < (δ LL ) 32 < 0.3. All the points of Fig. 2 are such that the processesχ , while satisfying at the same time the τ → µγ bound. Moreover, in the case of right-handed sleptons, the mass splitting can reach even the 10 % level.
We have also found that, in the same ranges for the SUSY parameters as in Fig. 2 , the edge splitting ∆m ll /m ll is unambiguously enhanced (at least by a factor of ∼ 3) with respect to the slepton mass splitting ∆ml/ml when the LFV arises in the LL sector. In con- trast, for LFV sources in the RR sector, ∆m ll /m ll can be both enhanced or suppressed (up to a factor of ∼ 3) compared to ∆ml/ml.
Since a precise measurement of the slepton masses would require ml < mχ0 2 , it is useful to display the values of m 0 and M 1/2 accounting for ml < mχ0 2 . In Fig. 3 , we show the (m 0 , M 1/2 ) plane for tan β = 10, A 0 = 0, (δ LL ) 32 = 0.03 (top) and (δ RR ) 32 = 0.1 (bottom). We chose the above values of the LFV sources as illustrative cases of scenarios where BR(τ → µγ) is kept under control and, at the same time, sizable SUSY contributions to (g − 2) µ are still possible, as shown by Fig. 2 .
The region of Fig. 3 marked with blue dots corresponds to the kinematically allowed region for the decays of neutralinos into smuons and selectrons. Their branching fractions here are always above the percent level ( > ∼ 3%) in the case of (δ LL ) 32 = 0.03, while, for (δ RR ) 32 = 0.1, they are around 1% in the region favoured by (g − 2) µ and get lower outside it. This region includes also the neutralino-stau coannihilation strip (red dots).
In the upper plot, the MI (δ LL ) 32 = 0.03 induces a mass splitting (∆ml/ml) L around 1-1.5 %. In the lower plot, the MI (δ RR ) 32 = 0.1 gives 2% < ∼ (∆ml/ml) R < ∼ 4%. In both figures, the black thick line refers to the current bound on BR(τ → µγ), the purple dashed-dot line corresponds to a SUSY µ = 1 × 10 −9 while the green dashed line accounts for the lightest Higgs boson bound (we impose m h > 111 GeV taking into account a theoretical uncertainty of 3 GeV).
Interestingly enough, both plots of Fig. 3 show that there are sizable regions of the parameter space where, at the same time: (i) BR(τ → µγ) satisfies the current experimental bound while being within the reach of a SuperB factory at KEK (BR(τ → µγ) > 10 −8 [17] ), (ii) the (g − 2) µ anomaly can be explained at the 2-σ level, i.e. a sity constraint can be fulfilled by an effective neutralinostau coannihilation; (iv) selectrons and smuons can be produced by cascade decays through the next-to-lightest neutralino.
In Fig. 4 , we show the predictions for BR(χ 0 2 → χ 0 1 τ ± µ ∓ ) and BR(τ → µγ) in the (m 0 , M 1/2 ) plane for the same input parameters as in Fig. 3 . We notice that the kinematically allowed region of Fig. 4 is significantly larger than that of Fig. 3 . The reason can be traced back remembering that the staus are lighter thanχ 0 2 in a broader region of the SUSY parameter space compared to the selectrons and smuons. In these plots, BR(χ ± µ ∓ ) being potentially more powerful than BR(τ → µγ) especially for a heavy SUSY spectrum.
As mentioned above, a smuon/selectron mass splitting at the percent level would be potentially measurable at the LHC especially if the edge splitting ∆m ll /m ll receives an enhancement. In order to check this crucial point, in Fig. 5 we plot |∆m ll /m ll | (as generated by LFV effects) vs. BR(τ → µγ), selecting the points corresponding to the blue-dotted region of Fig. 3 . We impose on those points the additional requirements (mχ0 2 − mẽ ,μ ) ≥ 10 GeV, (mẽ ,μ − mχ0 1 ) ≥ 10 GeV, so that the leptons are not too soft for detection.
As shown by Fig. 5 , ∆m ll /m ll might be quite large, well beyond the 10 % level, even for BR(τ → µγ) < ∼ 10
thus beyond the reach of a Super Flavour Factory [21] . Focusing on the coannihilation strip, corresponding to the red points of Fig. 5 , we observe that, in the case of (δ LL ) 32 = 0.03, the splitting of the µ − µ and e − e edges (coming from cascade decays throughμ L andẽ L , respectively) is around 8 %. For (δ RR ) 32 = 0.1, the edge splitting (now corresponding to intermediateμ R andẽ R ) can be of order 10% or more.
The above edge splittings, that are well measurable at the LHC, can probe the SUSY parameter space in regions where BR(τ → µγ) is experimentally challenging or even unreachable.
V. PRODUCTION CROSS-SECTIONS, SIGNALS AND BACKGROUNDS
In the following, we are going to estimate the crosssections, signals and backgrounds for the relevant processes discussed in the previous sections, in order to provide information about the capability of the LHC of detecting such processes and, in particular, of measuring the slepton masses thanks to the kinematical end-points technique.
A full simulation of the production, decays and detection of SUSY particles at the LHC is beyond the scope of the present paper. Nevertheless, we can get a semiquantitative idea of the size of the cross-sections, signals and backgrounds, by using some approximate formulae provided in the literature.
A. Production cross-sections
At the LHC, operating at 14 TeV, the total production cross-section for squarks and gluinos, within the CMSSM, can be estimated to be [5] :
This formula gives an agreement with the full computation to within 25% [3, 5] . In order to estimate the number of (Wino-like)χ 0 2 produced from cascade of squarks and gluinos, we will take BR(q L → q Lχ 0 2 ) ≃ 1/3 and assume the probability to produce aq L to be 50%. Hence, the production crosssection ofχ 0 2 can be estimated to be:
Making extensive use of the formulae given above and computing numerically the branching fractions of the second neutralino decays, we are going to estimate the following quantities:
B. Signals and backgrounds
Let us now estimate signals and relevant backgrounds following closely the analysis of Ref. [11] ). We are considering opposite sign dilepton events (flavour conserving and flavour violating ones), which can have both SM and SUSY backgrounds.
The SM background mainly comes from W + W − and tt production. Both these sources can be strongly reduced by imposing the standard cuts (on missing p T , number of jets, jets p T , etc.) used to discriminate SUSY events from the SM background (see for instance the discussion in Ref. [5, 6] ). We will therefore concentrate only on the SUSY background assuming that the SM one can be sufficiently reduced.
We will parameterize the effect of the above mentioned kinematic cuts by means of an acceptance factor ǫ cut , affecting both our signals and the corresponding SUSY background.
Let us start considering the opposite sign same flavour events we want to study for extracting the slepton masses. The signal is given by:
where ǫ ℓ is the lepton detection efficiency and L the integrated luminosity. There are two main SUSY sources of background to these events. The first one comes from pairs of lefthanded squark-antisquark, when both the particles decay into opposite sign charginos:
The charginos can then produce opposite sign leptons (either with same or different flavours) by decaying as follows:χ
The number of such background events can be estimated to be:
where σχ+χ− is the production cross-section for the pair χ + 1χ − 1 from the squarks decay of Eq. (18) . Using public packages for computing the SUSY production crosssections [22] and decays [23] , we found that σχ+χ− ≃ Since the angle between the two leptons θ ℓ + ℓ − from the decays ofχ should be sufficiently reduced at least in the case of same flavour leptons [11] .
A second source of background events comes from the neutralino decays into taus, followed by the decay of taus into leptons:
where BR(τ → ℓνν) ≃ 0.17 and ǫ 2τ ℓ parameterizes the acceptance of the two leptons from tau decays with respect to the acceptance of the two leptons directly produced in the decay chain of Eq. (2). Since the former leptons should be softer than the latter, we expect ǫ 2τ ℓ < ∼ 1. For the same reason, this source of background could be reduced by a cut on the invariant mass of the two leptons. In our case, there is an additional source of background only for the µ + µ − events: the flavour violating decaỹ χ 0 2 →χ 0 1 µτ followed by the decay of the tau into a muon: (21) where ǫ 1τ ℓ is the relative acceptance for a lepton coming from a tau decay.
Let us now consider the LFV neutralino decay. The total number of LFV τ + µ − and τ − µ + events is given by:
where only hadronically decaying taus τ → h have been considered (with BR(τ → h) ≃ 65%) and ǫ τ h is the detection efficiency for a tau jet.
Similarly to the flavour conserving case, the SUSY background is mainly given byχ + 1χ − 1 decays and by ditau neutralino events:
. (24) As in the flavour conserving case, the background from χ +χ− can be reduced with cuts on the angle between the muon and the tau-jet.
As we will see in the following, the number of background events of Eqs. (23, 24) can easily overwhelm the signal. However, an equal number of τ − e events is expected to come from the processes contributing to the τ −µ background while, as previously mentioned, we cannot have simultaneously sizeable LFV both in the τ − µ and in the τ − e sectors because of the µ → eγ constraints. Therefore, the subtraction of the number of τ e events from the number of τ −µ events should allow us to cancel the background, so that an excess of τ − µ events would be a signal of LFV [5, 6] . In particular, the observation of τ − µ LFV at the LHC should be possible, as long as BR(χ ∼ 0.1 [6] .
VI. REPRESENTATIVE POINTS
We consider the following representative points of the parameter space studied in section IV (for all tan β = 10, Estimates of signals and backgrounds discussed in the previous section are given in Tab. III. An integrate luminosity of L = 100 fb −1 has been assumed. We employed the results of the previous section together with numerical computation of SUSY production crosssection [22] and decay branching fractions [23] . Following [11] , we assumed the following values for the parameters:
As a general comment, we see that the flavour conserving channels should be distinguished from the background, especially if Bχ +χ− ℓ + ℓ − /S ℓ + ℓ − could be reduced by a cut on the angle between the leptons, θ ℓ + ℓ − (clearly, this would reduce the number of the signal events, but increasing the S/B ratio). An exception is represented by point D: in this case the large background B (τ τ ) µ + µ − could make the measurement of the smuon mass very challenging, unless a lower cut on the di-muon invariant mass could decrease the background. For the other points, it should be possible to extract the slepton masses from the di-lepton invariant mass distributions. Of course, in order to do so, a quite large integrated luminosity (such as the 100 fb −1 considered in Tab. III), i.e. some years of data taking, is probably necessary in order to collect enough statistics.
Concerning the LFV channel, we see that the detection condition BR(χ Let us first consider Point A. We see that the per-cent mass splitting betweenẽ L andμ L induced by (δ LL ) 32 results in a large 10 % splitting of the e − e and µ− µ edges. Moreover, we checked that an intermediateẽ R (μ R ) gives a contribution to Γ(χ
) which is around 20 %. As a consequence, the kinematical end points corresponding toẽ L andμ L should not be hidden by a large number of events mediated by righthanded sleptons. Thus, we can expect ∆ml/ml to be measured at the LHC. BR(τ → µγ) is predicted in the reach of the future experiments. Furthermore, the LFV neutralino decay has also a good probability to be detected (we find BR(χ . We can conclude that Point A provides an example in which all the LFV observables we discussed so far could provide a positive signal. Hence, in this case, the combined analysis of all the above observables would represent a powerful tool in the attempt to reconstruct the flavour structure of the slepton sector.
Point B represents a case where the LHC could provide positive signals of LFV better than the direct searches for τ → µγ, which is predicted to be beyond the reach of a SuperB factory at KEK [17] but still within the reach of a Super Flavour Factory [21] . The measurement of the slepton mass splitting would for sure require a larger integrated luminosity than what is required by Point A. Still, the prospects at the LHC are reasonably favorable, given the low contribution of the RH sleptons to theχ decay widths (at around the 10% level) and the large LFV rate BR(χ
Passing to Point C, we like to emphasize that, in spite of similar predictions for the production cross sections to the Point A, we find that the measurement of the mass splitting betweenẽ R andμ R is more challenging. The reason is that we are in a kinematic region where the decays ofχ µ + µ − ) from intermediate LH sleptons is almost twice the contribution fromẽ R andμ R . Even though the production cross sections that are effective for the measurement of the mass splitting for right-handed sleptons are much smaller than the total production cross sections (that are dominated by the contributions of LH sleptons), we notice that the kinematical end points for the invariant mass distributions of right-handed sleptons appear at higher values compared to those of left-handed sleptons; as a result, the measurements of the kinematic edges associated with the RH sleptons should not be affected by a large background. Therefore, ∆ml/ml could be still measured provided enough statistics. Moreover, Point C gives a very large rate to the LFVχ µ + µ − ) could reduced with a lower cut on the di-muon invariant mass. Another caveat is that around the 30 % of the "pure" µ − µ events are mediated byτ 1 , so that the di-muon distribution will exhibit two edges, one corresponding to the kinematical end-point ofμ R , the other one corresponding toτ 1 . On the other hand, the huge cross-section ofχ 
VII. CONCLUSIONS
In this paper, we have studied the sensitivity of the slepton mass splittings of the first two generations to LFV effects.
In particular, we have considered minimal SUGRA scenarios, predicting highly degenerate first two slepton generations. Hence, any experimental evidence for a selectron/smuon mass splitting ∆ml/ml, say above the percent level, would signal either a different mechanism for the SUSY breaking or non minimal realizations of SUGRA models. In the latter case, the presence of LFV interactions might explain the potential evidence of a significant ∆ml/ml, as throughly discussed in this paper.
Interestingly enough, we have found that sizable values for ∆ml/ml can be generated only through flavour mixings between the second and third slepton families, a scenario that naturally arises and is well motivated by the large mixing angle observed in atmospheric neutrino oscillation experiments.
In contrast, flavour mixings between the second and first slepton families are highly constrained by the limit on BR(µ → eγ) and they can hardly account for such a mass splitting [3] .
We have shown that slepton mass splittings may be competitive with low energy processes to probe lepton flavour violation in large regions of the SUSY parameter space.
Moreover, we have exploited the NP sensitivity of the high energy LFV processχ ± µ ∓ being even more powerful than τ → µγ for a heavy SUSY spectrum.
In conclusion, the present study represents another proof of the synergy and interplay existing between the LHC, i.e. the high-energy frontier, and high-precision low-energy experiments, i.e. the high-intensity frontier.
